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ABSTRACT
We report on the first measurement of the average mass and mass-to-light ratio of galaxy groups by
analysing the weak lensing signal induced by these systems. The groups, which have velocity dispersions
of 50-400 km/s, have been selected from the Canadian Network for Observational Cosmology Field
Galaxy Redshift Survey (CNOC2). This survey allows the identification of a large number of groups
with redshifts ranging from z = 0.12−0.55, ideal for a weak lensing analysis of their mass distribution. For
our analysis we use a sample of 50 groups which are selected on the basis of a careful dynamical analysis
of group candidates. We detect a signal at the 99% confidence limit. The best fit singular isothermal
sphere model yields an Einstein radius rE = 0.
′′72 ± 0.′′29. This corresponds to a velocity dispersion of
〈σ2〉1/2 = 274+48
−59 km/s (using photometric redshift distributions for the source galaxies), which is in good
agreement with the dynamical estimate. Under the assumption that the light traces the mass, we find an
average mass-to-light ratio of 191± 83 hM⊙/LB⊙ in the restframe B band. Unlike dynamical estimates,
this result is insensitive to problems associated with determining group membership. After correction of
the observed mass-to-light ratio for luminosity evolution to z = 0, we find 254 ± 110 hM⊙/LB⊙, lower
than what is found for rich clusters. We use the observed mass-to-light ratio to estimate the matter
density of the universe, for which we find Ωm = 0.19 ± 0.10 (ΩΛ = 0), in good agreement with other
recent estimates. For a closed universe (Ωm +ΩΛ = 1), we obtain Ωm = 0.13± 0.07.
Subject headings: cosmology: observations − dark matter − gravitational lensing
1. introduction
Galaxy groups, like the Local Group, are common struc-
tures in the universe. Although being numerous, groups
are difficult to identify because the contrast with the
smooth background of galaxies is quite low, and their
galaxy properties are similar to that of the field. To
date most systems have been studied using the results of
large redshift surveys (e.g., Turner & Gott 1976; Ramella,
Geller, & Huchra 1989; Huchra, Geller, & Corwin 1995) or
X-ray observations (Mulchaey et al. 1996). Unfortunately,
X-ray observations are only available for very few groups.
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Measuring the amount of matter locked up in these typ-
ical systems is interesting, but a measurement of the aver-
age mass-to-light ratio of galaxy groups may be even more
important as it provides a good measure of the M/L ra-
tio of the field, i.e., the universe as a whole (e.g., Gott
& Turner 1977). Subsequently, this result can be used to
obtain an estimate for the matter density Ωm (Oort 1958;
Gott & Turner 1977), similar to what has been done for
rich clusters of galaxies (e.g., Carlberg et al. 1997; Carl-
berg et al. 1999).
However, measuring the mass or M/L ratio of groups
selected from redshift surveys is difficult. Nolthenius &
White (1987) showed that the dynamical masses inferred
from such surveys depend on the survey parameters, the
group selection procedure, and the way galaxies cluster.
Consequently, an independent measure of the group mass
is needed. In this letter we study galaxy groups by their
weak lensing effect on the shapes of the images of the faint
background sources.
Weak lensing enables us to measure the projected mass
surface density, without any assumption about the geom-
etry or dynamical state of the system under investigation.
The technique has been applied successfully to rich clus-
ters of galaxies (for a review see Mellier 1999).
The amplitude of the weak lensing signal is proportional
to the mass of the lens, and as a result the expected signal
from an individual galaxy group is very low. To circum-
vent this problem we study the properties of the ensemble
averaged group by stacking the signals of many groups at
intermediate redshifts, where the lensing signal is maxi-
mal.
Galaxy groups identified in the Canadian Network for
Observational Cosmology Field Galaxy Redshift Survey
1
2 Weak lensing study of low mass groups
(CNOC2) (Lin et al. 1999; Yee et al. 2000; Carlberg et
al. 2000) are ideal for a weak lensing study of their mass
distribution: the survey provides a large sample of groups
at intermediate redshifts, which can be imaged efficiently
by wide field imaging.
The observations, data reduction and weak lensing anal-
ysis are outlined in § 2, and the group selection is discussed
in § 3. The results of the weak lensing analysis are given
in § 4. In § 5 we present our estimate of Ωm.
2. observations and analysis
The CNOC2 survey targeted four widely separated
patches on the sky to study the dynamics of galaxy cluster-
ing at intermediate redshifts. Redshifts of approximately
5000 galaxies down to RC = 21.5 have been measured,
resulting in a large sample of galaxies at intermediate red-
shifts (z = 0.12 − 0.55). A detailed description of the
survey and the catalogues is given in Yee et al. (2000).
We have observed the central parts of the two patches
1447+09 and 2148-05 using the 4.2m William Herschel
Telescope at La Palma. The data were taken using the
prime focus camera, equipped with a thinned 2k×4k pixel
EEV10 chip, and a pixel scale of 0.′′237 pixel−1. To cover
the central regions of the patches, a mosaic of 6 point-
ings was observed, resulting in a field of view of 31 by 23
arcminutes.
The typical total integration time per pointing is 1 hour
in R. The seeing ranged from 0.′′6 to 1.′′0, with a median
seeing of 0.′′7 for the 1447 field and 0.′′85 for the 2148 field.
The images were debiased and flatfielded, and photomet-
ric calibration was performed using standard stars from
Landolt (1992).
Our object analysis is based on the procedure developed
by Kaiser, Squires, & Broadhurst (1995) and Luppino &
Kaiser (1997), with a number of modifications which are
described in Hoekstra et al. (1998) and Hoekstra, Franx,
& Kuijken (2000). The objects detected in the images
are analysed: sizes, apparent magnitudes, and shape pa-
rameters are determined. We correct the measurements
for various observational distortions. We also tested how
uncertainties in these corrections would affect our results,
and found that the results are very stable.
In the weak lensing analysis we use galaxies with 22 <
R < 26 as background sources. These catalogs contain
some faint group members, which can lower the lensing
signal at the group centres. We examined the average
number density of sources around the groups, and found
that the contamination is negligible.
3. galaxy groups
Finding galaxy groups in a redshift survey such as
CNOC2 is a difficult problem. The crucial step is to de-
termine the group membership, which makes a reliable
dynamical mass estimate difficult. The weak lensing mass
estimate is more robust against contamination by inter-
lopers, as it relies only on the position of the overdensity.
Lensing in itself does not provide information as to
whether the studied structures are gravitationally bound
galaxy groups. The question whether the selected struc-
tures are genuine groups is less important when determin-
ing the average M/L ratio of these systems. As we will
demonstrate in § 4.3 the M/L ratio from weak lensing is
particularly stable against uncertainties in the determi-
nation of group membership. For the estimate of Ωm pre-
sented in § 5 it is sufficient to identify high density regions.
For our analysis we use the groups presented by Carl-
berg et al. (2000). The groups are found using an iterative
method, which is a variant of the often used friends-of-
friends algorithm. A detailed discussion of the algorithm
is presented in Carlberg et al. (2000).
The resulting sample consists of 50 groups which are
within the observed fields. The average redshift of the
groups is z = 0.33, and they have velocity dispersions
ranging from 50 − 400 km/s. The redshift information is
crucial because the contrast of the groups with the field is
low: the average group corresponds to a 1.2σ overdensity
in number counts.
To estimate the light contents of the groups, we de-
termine Bz, the restframe B-band magnitude. To this
end, we use template spectra for a range in spectral types
and compute the corresponding passband corrections as a
function of redshift and galaxy colour. The redshifts and
colours of the galaxies are taken from the CNOC2 cata-
logues (e.g., Yee et al. 2000).
To account for the incompleteness of the redshift survey,
each galaxy with a measured redshift is assigned a proper
weight (Yee et al. 2000; Lin et al. 1999). These weights
are used to correct the galaxy luminosities, and the group
luminosity profiles (the average correction factor is found
to be 1.53 ± 0.02). We used the luminosity function de-
rived by Lin et al. (1999) to estimate the correction factor
for the missing faint galaxies, for which we find a value of
1.20 ± 0.07. We find that the average luminosity of the
groups considered here is LB = (6.3± 0.6)× 10
10h−2LB⊙,
which corresponds to ∼ 5LB⋆. More details on the light
distribution of the groups can be found in Carlberg et
al. (2000).
4. mass and mass-to-light of galaxy groups
4.1. Weak lensing signal
We stack the average distortion as a function of radius
around the groups, because the number density of sources
(∼ 35 arcmin−2) is too low to detect a significant signal
for individual groups. The amplitude of the lensing sig-
nal depends on the redshift of the group, and we scale the
contribution of each group to the average signal such that
it corresponds to that of the ‘average’ group at a redshift
z = 0.33 (see §4.2).
We quantify the lensing signal by means of the tangen-
tial distortion, which is defined as gT = −(g1 cos 2φ +
g2 sin 2φ), where φ is the azimuthal angle with respect to
the assumed group centre, and gi are the components of
the distortion. The number of confirmed group members
per group is rather low (3 − 7 members), and therefore
the positions of the group centres are somewhat uncer-
tain. Here we use the positions which are found from a
virial analysis described in Carlberg et al. (2000). Simu-
lations using SIS models indicate that the uncertainty in
the group centres could result in an overestimate of the av-
erage lensing signal by at most 4 to 8%. Also, the groups
are embedded in the large scale structure which tends to
increase the weak lensing mass estimate. The numerical
results from Cen (1997) match well our observations, and
indicate that the bias is still small, on the order of 10%.
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We note, however, that our estimate for the average M/L
ratio presented in §4.3 does not suffer from either of the
biases mentioned above.
The azimuthally averaged tangential distortion around
the 50 groups is presented in Figure 1a. We detect a
positive average tangential distortion of 0.00254± 0.0011,
which is significant at the 99% confidence level. We tested
the robustness of the signal in various ways. Figure 1b
shows the result when the phase of the distortion is in-
creased by pi/2. Also other tests, such as randomizing the
group positions or the ellipticities of the sources yielded no
significant signal. We therefore conclude that the observed
signal is due to weak lensing by galaxy groups.
The best fit singular isothermal sphere model (κ(r) =
rE/2r) to the ensemble averaged distortion from the sam-
ple of 50 galaxy groups from Carlberg et al. (2000) yields
an Einstein radius of rE = 0.
′′72± 0.′′29.
4.2. Estimate of the velocity dispersion
The next step is to relate the Einstein radius to an es-
timate of the velocity dispersion. To do so we use pho-
tometric redshift distributions inferred from the Hubble
Deep Fields (Ferna´ndez-Soto, Lanzetta, & Yahil 1999;
Chen et al. 1998), which generally work well (Hoek-
stra et al. 2000). We determine the R band magni-
tudes of the galaxies in the HDFs, and use these re-
sults to derive the average group velocity dispersion.
Fig. 1.— (a) The ensemble averaged tangential distortion as a
function of radius around the 50 galaxy groups from Carlberg et al.
(2000). The amplitude of the signal corresponds to that of the ‘aver-
age’ group at the median group redshift z = 0.33. The errorbars are
determined as described in Hoekstra et al. (2000) and indicate the
uncertainty in the measurements of the shapes of the sources. The
profile of the best fit singular isothermal sphere model (to the solid
points), which has a velocity dispersion of 274+48
−59
km/s, is indicated
by the solid line. (b) The signal when the phase of the distortion is
increased by pi/2: no signal should be present if the signal in (a) is
due to lensing. The vertical errorbars indicate the 1σ errors
Fig. 2.— (a) Plot of the average tangential distortion as a function
of radius from the ensemble of 50 galaxy groups from the CNOC2
survey. The solid line is the expected tangential distortion (scaled
by the M/L ratio to fit the observations) derived from the average
radial light profile, under the assumption that the M/L ratio is con-
stant with radius. (b) The ratio of the observed distortion and the
derived distortion from the light (taking M/LB = 1 in solar units).
The shaded region indicates the one σ region around the weighted
average of the points. The observations are consistent with a con-
stant M/L ratio of 191 ± 83 hM⊙/LB⊙.
The strength of the lensing signal is characterized by β,
which is defined as β = max[0, Dls/Ds], where Dls and
Ds are the angular diameter distances between the lens
and the source, and the observer and the source. For each
group-galaxy pair we compute the corresponding value of
β based on the R band magnitude of the source and the
redshift of the group. We find 〈β〉 = 0.393± 0.006, which
results in an ensemble averaged group velocity dispersion
of 〈σ2〉1/2 = 274+48
−59 km/s (68% confidence; Ωm = 0.2,
and ΩΛ = 0) for the sample of groups from Carlberg et
al. (2000). For Ωm = 0.2 and ΩΛ = 0.8 it changes to
〈σ2〉1/2 = 258+45
−56 km/s (68% confidence). These results
are in good agreement with the average velocity dispersion
of 230 km/s from the velocities of the group members.
4.3. Mass-to-light ratio
Under the assumption that the light traces the mass, we
derive the expected tangential distortion as a function of
radius. We use the ensemble averaged group luminosity
profile to calculate the expected signal for each group for
a mass-to-light ratio of unity (taking into account the red-
shift), and average the result for all groups. To measure
the M/L ratio, we scale the resulting tangential distortion
to match the observed signal.
In Figure 2a the resulting profile (solid line) is shown.
The ratio of the computed and observed signal is presented
in Figure 2b, and is consistent with a constant M/L ratio
with radius for which we find a value of 191±83 hM⊙/LB⊙
in the restframe B band.
4 Weak lensing study of low mass groups
This measurement of the M/L ratio has not been cor-
rected for luminosity evolution. If the luminosity evolution
scales with redshift as LB ∝ (1+ z) (e.g., Lin et al. 1999),
we obtain a value of 254 ± 110 hM⊙/LB⊙, corrected to
z = 0. Carlberg et al. (1997) measured the M/L ratio
of a sample of 15 rich clusters, for which they found an
average value of M/Lr = 237 ± 41M⊙/Lr⊙. To convert
their result to a M/L ratio in the B band, we assume an
average colour of the cluster of B − r = 1.07, which cor-
responds to the typical colour of S0 galaxies (Jørgensen
et al. 1995). Thus we find that the average cluster M/L
ratio is 438 ± 76 hM⊙/LB⊙ (where we also corrected for
luminosity evolution to z = 0). Thus the average group
M/L ratio in the B band is lower than the value typically
found for rich clusters.
We derived the expected lensing signal using only galax-
ies identified as group members. However, lensing is sensi-
tive to the contribution of all matter along the line of sight.
To examine the contribution of the remaining galaxies we
recalculated the group light profile, using all galaxies with
redshifts. Fitting the predicted distortion to the observa-
tions, we find a M/L ratio of 183±80 hM⊙/LB⊙, in excel-
lent agreement with our measurement from group mem-
bers only. An important consequence of this exercise is
that the weak lensing estimate of the M/L ratio is insensi-
tive to the determination of group membership, unlike the
dynamical estimators.
5. estimate of Ωm
A well known method to estimate the matter density
of the universe was proposed by Oort (1958): Ωm is the
product of the universe’s mass-to-light ratio and its lumi-
nosity density. Carlberg et al. (1997) used the observed
M/L ratios of a sample of rich clusters to estimate Ωm, for
which they found a value of Ωm = 0.19± 0.06.
The galaxy properties of rich clusters are quite dif-
ferent from that of the field, and a large correction is
needed to relate the cluster M/L ratio to the M/L ratio
of the universe. However, we found a small difference of
∆(B − V ) = 0.035± 0.013 between the average restframe
colours of group galaxies and the field, which is caused
by a small difference in stellar populations. We use stel-
lar evolution models1 (Bruzual & Charlot 1993) to make
a small correction for this effect. Under the assumption
that the fraction of the mass in stars is the same for both
groups and galaxies, we find that the B band M/L ratio of
the field is lower by a factor 1.15, compared to the value
found for the groups.
We combine our estimate of the M/L ratio with the re-
sults from Lin et al. (1999), which are based on the same
data. Convolving the redshift distribution of the groups
with their redshift dependent luminosity density yields
j = (3.2 ± 0.6) × 108hLB⊙Mpc
−3 (assuming Ωm = 0.2
and ΩΛ = 0).
We obtain Ωm = 0.19 ± 0.10 for an ΩΛ = 0 cos-
mology. Our estimate for Ωm decreases to a value of
Ωm = 0.13 ± 0.07 for ΩΛ = 0.87. The value for Ωm is
derived in a self consistent way, and therefore is indepen-
dent of the cosmology assumed throughout the paper. The
error is dominated by the uncertainty in the weak lensing
signal due to the intrinsic ellipticities of the sources, but
also incorporates the uncertainties in the determination of
the luminosity density and the group luminosities. The
systematic uncertainty (∼ 15%) introduced by the colour
difference between the group members and the field is not
included in this error estimate.
Our results on Ωm agree well with the result from Carl-
berg et al. (1997), and combined constraints from high
redshift supernovae (e.g., Perlmutter et al. 1999) and
CMB measurements (e.g., Efstathiou et al. 1999, De
Bernardis et al. 2000)
Some caveats should be noted as well. Our measurement
of the M/L ratio is stable against changes in group mem-
bership, but is only correct if the light traces the mass.
If the dark matter is more extended than the light our
estimate for Ωm should be interpreted as a lower limit.
Also the correction for the colour difference between group
members and the field is somewhat uncertain.
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